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Expert Advice Provided through Telemedicine
Improves Healing of Chronic Wounds: Prospective
Cluster Controlled Study
Kian Zarchi1, Vibeke B. Haugaard1, Deirdre N. Dufour1 and Gregor B.E. Jemec1
Telemedicine is widely considered as an efficient approach to manage the growing problem of chronic wounds.
However, to date, there is no convincing evidence to support the clinical efficacy of telemedicine in wound
management. In this prospective cluster controlled study, we tested the hypothesis that advice on wound
management provided by a team of wound-care specialists through telemedicine would significantly improve the
likelihood of wound healing compared with the best available conventional practice. A total of 90 chronic wound
patients in home care met all study criteria and were included: 50 in the telemedicine group and 40 in the
conventional group. Patients with pressure ulcers, surgical wounds, and cancer wounds were excluded. During
the 1-year follow-up, complete wound healing was achieved in 35 patients (70%) in the telemedicine group
compared with 18 patients (45%) in the conventional group. After adjusting for important covariates, offering
advice on wound management through telemedicine was associated with significantly increased healing
compared with the best available conventional practice (telemedicine vs. conventional practice: adjusted hazard
ratio 2.19; 95% confidence interval: 1.15–4.17; P¼ 0.017). This study strongly supports the use of telemedicine to
connect home-care nurses to a team of wound experts in order to improve the management of chronic wounds.
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INTRODUCTION
Chronic wounds are a major problem in health-care systems
(Sen et al., 2009). They are associated with significant
morbidity and mortality (Apelqvist et al., 1993; Smith, 1995)
and account for up to 4% of the total health-care expenses
(Gottrup et al., 2001). In the Unites States alone, the annual
treatment costs are estimated in excess of $25 billion (Singer
and Clark, 1999). The prevalence of chronic wounds is
increasing because of the aging population and the
increased incidence of lifestyle diseases, such as diabetes
and arterial diseases (Cecchini et al., 2010; Alpert, 2012). This
warrants marked efficiency improvement in current wound
management.
Telemedicine is widely considered as a feasible solution to
some of the problems encountered with chronic wounds
(Chanussot-Deprez and Contreras-Ruiz, 2013). It is defined
as the practice of medicine at a distance (Wootton, 1996), a
means of providing expert opinion to patients and health-care
providers, and a method to facilitate interaction among experts
(Craig and Patterson, 2005). Offering expert opinion to health-
care providers may not only improve the quality of individual
treatments but may also improve their medical knowledge and
thereby benefit an entire organization as well as the patients
(Ameen et al., 2005). However, the available evidence on
telemedical wound management has mainly been generated in
pilot and explorative feasibility studies (Wootton, 2001) and
primarily concerns nonclinical outcomes, such as user
satisfaction, nursing hours, and reduced travel costs (Johnston
et al., 2000; Hofmann-Wellenhof et al., 2006). To date, there is
no convincing evidence to support the clinical efficacy of
telemedicine in wound management.
Although intuitively sensible, the question of whether
telemedicine should be implemented for treatment of chronic
wounds can only be fully answered in the context of clinical
trials. Therefore, we undertook a controlled study to investi-
gate whether offering expert advice through telemedicine
improves wound healing.
RESULTS
Of the 140 patients eligible for inclusion from 1 February
2011 to 1 September 2012 (Figure 1), 95 met the inclusion
criteria and provided written informed consent. Of these 95
patients, five did not undergo a minimum of 3 weeks’
treatment and were excluded from the study analyses: four
in the telemedicine group—two patients obtained complete
wound healing within the first 3 weeks, one died, and one was
no longer eligible; and one in the control group—one patient
obtained complete wound healing within the first 3 weeks.
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Accordingly, 90 patients met all the study criteria and were
included in the analyses: 50 in the telemedicine group and 40
in the control group. Table 1 details baseline characteristics of
the study patients. Patients in the telemedicine group were
significantly older compared with those in the control group
(telemedicine: 78.4 years vs. control: 74.2 years; P¼0.027);
otherwise no significant differences were found in the baseline
characteristics between the two groups (Table 1). The majority
had arterial disease (telemedicine: 62% vs. control: 55%;
P¼0.65), approximately one in three had diabetes (telemedi-
cine: 28% vs. control: 32.5%; P¼0.82), and compression
therapy was provided to more than half the study patients
(telemedicine: 54% vs. control: 65%; P¼0.40). One in three
had experienced the first chronic wound more than 1 year ago
(telemedicine: 36% vs. control: 30%; P¼ 0.71), the majority
had one skin wound (telemedicine: 74% vs. control: 65%;
P¼0.71), and the most common wound locations were the
legs and feet. The mean total wound surface area was 5 cm2 in
both groups (P¼ 0.98).
During the 1-year follow-up, complete wound healing was
achieved in 35 patients (70%) in the telemedicine group
compared with 18 patients (45%) in the control group.
Figure 2 illustrates the estimated cumulative incidence of
healing, and Table 2 presents the adjusted hazard ratios for
complete wound healing based on the study results. The
adjusted hazard of healing associated with receiving expert
advice through telemedicine was significantly higher com-
pared with that achieved with the best available conventional
practice (telemedicine vs. control: adjusted hazard ratio 2.19;
95% confidence interval: 1.15–4.17; P¼ 0.017). Further,
occurrence of first chronic wound X1 year was associated
with a significant decrease in the hazard of healing compared
with that of o1 year (X1 year vs.o1 year: adjusted hazard
ratio 0.35; 95% confidence interval: 0.17–0.73; P¼0.005).
Diabetes and arterial disease were associated with reduced
hazard of healing, as were having two wounds and a wound
surface area above the mean (5 cm2); however, neither these
associations nor the relationships between wound healing and
age, sex and wound location were statistically significant.
During the study, five patients died from any cause: one in
the telemedicine group and four in the control group. No
significant difference was found in the hazards of all-cause
mortality between the two groups (telemedicine vs. control:
adjusted hazard ratio 0.24; 95% confidence interval: 0.0012–
4.68; P¼ 0.60).
DISCUSSION
Advice on wound management provided by a team of wound-
care specialists using telemedicine markedly improves the
likelihood of wound healing in home-care patients. In this
prospective multicenter controlled study with 1-year follow-
up, the adjusted hazard ratio of complete wound healing for
telemedicine used to connect a hospital-based wound-expert
team to home-care nurses compared with conventional
practice was 2.19.
Store-and-forward telemedicine has been proven feasible
and its diagnostic reliability is a well-explored area in the
telemedicine literature (Braun et al., 2005; Salmhofer et al.,
2005; Binder et al., 2007). It is suggested that clinical
evaluation of wounds based on digital images is equivalent
to actual physical examination (Murphy et al., 2006).
However, neither the diagnostic reliability of telemedicine
nor the evaluation of the web-based program or digital
equipment used was within the scope of this study.
Nevertheless, it should be noted that high-quality digital
images, web access, and a secure, suitable and well-
functioning program were prerequisites for the telemedicine
implemented in this study.
Several factors may contribute to the positive effect of pro-
viding expert advice through telemedicine on wound healing.
Simply receiving advice from wound experts on wound
management may significantly improve nurses’ knowledge
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Figure 1. Flow of participants through study.
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(Ameen et al., 2005). Previous studies have demonstrated that
there is room for improvement in the basic knowledge of
wound management and therapeutic abilities among home-
care nurses (Zarchi and Jemec, 2014; Zarchi et al., 2014). It
could also be speculated that tailored treatment strategies
decided by a wound-expert team are a key contribution
(Kobza and Scheurich, 2000). Quick access to expert
opinion, allowing therapeutic, timely adjustments could also
be beneficial. Finally, the increased organizational awareness
regarding the treatment of wounds, the introduction of a new
communication system, and the subsequent possibility of
greater individual emphasis on wound care among the staff
may also have influenced the outcome positively––i.e., due to
the Hawthorne effect (Campbell et al., 1995). However, our
study does not prove that advice provided by wound experts
through telemedicine is superior to expert-delivered wound
care. Although patients in the conventional group were
allowed to be evaluated by wound experts, for instance in
wound-care clinics and hospitals, the extent of expert
involvement in the conventional group was not reported and
taken into account. Experience indicates that wound experts
were less involved in the conventional group than they were
in the telemedicine group; this may be the key difference
between the two studied groups. Consequently, these positive
findings cannot be used as evidence against conventional
practice nor are they evidence against having certified wound-
care nurses in home-care organizations. Moreover, we
excluded patients with pressure ulcers or cancer wounds, as
well as those with more than two wounds. These types of
wounds were few, making it difficult to reach sufficient power
in any possible observations. Offering expert advice through
telemedicine alone might not have been the most effective
way of managing those patients. It could also be speculated
whether the combination of best conventional practice, the
presence of certified wound-care nurses in districts, and
appropriately implemented telemedicine programs could
yield even better results compared with those reported in
this study. Future studies are merited.
Telemedicine is not a treatment in itself; it is a means of
facilitating communication and delivering medical informa-
tion. Like much else in medicine, it is an operator-dependent
modality, and its success is determined by the quality,
consistency, frequency, and manageability of the therapeutic
recommendations provided, the context and setting it is used
in, and its acceptance by those it is intended to serve. These
factors together with the methodological quality of studies on
telemedicine must be carefully examined to prevent erroneous
conclusions being drawn. In a stepped-wedge cluster rando-
mized trial, Stern et al. (2014) reported that enhanced
multidisciplinary wound care via telemedicine did not
improve wound healing in 137 nursing-home residents with
pressure ulcers, suggesting that less focus should be put on
external approaches and more on primary care within nursing
homes. Nevertheless, a close inspection of the premises upon
which their conclusions were based raises some concerns. The
enhanced multidisciplinary wound care via telemedicine was
provided by two enterostomal nurses and one certified
wound-care nurse, and only 18% of patients in the
intervention group were assessed by a hospital-based
wound-expert team using telemedicine. Further, because of
the nature of its stepped-wedge design, the length of the
intervention and control periods varied considerably, lasting
only a few months in a substantial number of clusters; this is
remarkably short when evaluating clinical efficacy in deep
pressure ulcers. Moreover, because the early stages of wound
therapy are critical in achieving wound healing (Kantor and
Table 1. Baseline characteristics of the study patients
Characteristic
Telemedicine
(N¼ 50)
Control
(N¼40)
P-
value
Age—mean (SD) 78.4 (14.4) 74.2 (10.6) 0.027
Sex—no. (%) 0.59
Male 21 (42) 20 (50)
Female 29 (58) 20 (50)
Occurrence of first chronic wound—no. (%) 0.71
o1 Year 32 (64) 28 (70)
X1 Year 18 (36) 12 (30)
Number of included wounds—no. (%) 0.49
1 Wound 37 (74) 26 (65)
2 Wounds 13 (26) 14 (35)
Anatomic location of wounds—no. (%) 0.64
Trunk/upper body 1 (2) 2 (5)
Hips/buttocks/genitals 1 (2) 2 (5)
Legs 32 (64) 20 (50)
Feet 13 (26) 12 (30)
Involvement of minimum 2 of
the above
3 (6) 4 (10)
Total wound surface area—mean
(SD)
5.1cm2 (7.0) 5.1 cm2 (6.5) 0.98
Arterial disease—no. (%) 31 (62) 22 (55) 0.65
Diabetes—no. (%) 14 (28) 13 (32.5) 0.82
Compression therapy—no. (%) 27 (54) 24 (65) 0.40
The provided significance values (shown in bold) describe the difference
between the two groups reagrding the characteristics. For instance, the
P-value of 0.59 for sex demonstrates that there is no significant difference
in the sex distribution between the two groups.
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Figure 2. Cumulative incidence of wound healing associated with using
telemedicine compared with conventional practice.
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Margolis, 2000), the continuation of patients who did not
obtain healing during the control period to the subsequent
intervention period represents a major source of bias.
Terry et al. (2009) reported results of a randomized
controlled trial on 103 home-care patients with pressure
ulcers or non-healing surgical wounds, reporting no benefits
of using telemedicine on wound healing; nonetheless, the
only apparent difference in the treatment provided in the study
groups seemed to be the degree of involvement of wound-care
specialists, who were nurses on the staff of the home-care
agency. The biggest concern, however, is how the analyses
were performed. Although the authors reported that the
proportion of stage III and IV pressure ulcers was by chance
significantly larger in the telemedicine group compared with
that in the other groups, the results were not adjusted for such
important covariates. Most importantly, because censoring is
an inherent feature of long-term studies in chronically ill
patients, as was the case in the study by Terry et al. (2009),
comparing treatments without taking censoring or follow-up
time into account significantly reduces the weight of any
conclusion. It should also be noted that the difference in the
wound population in our study to those investigated by .Terry
et al. ( 2009) and Stern et al. (2014)may also contribute to the
different conclusions drawn.
The strengths of this study include the real-life setting, the
limited heterogeneity among the study participants due to the
selected study criteria, the long follow-up of 1 year, and the
attempts to keep the measured effect of telemedicine uncon-
taminated by treatments provided elsewhere. Excluding
patients who did not undergo 3 weeks’ treatment not only
ensured that the investigated approaches were applied for a
sufficient length of time before evaluation, it also excluded
patients wrongly assessed as having hard-to-heal wounds
(those obtaining wound healing within the first 3 weeks).
This study has also notable limitations. The study design was
not randomized or blinded; by not randomizing the patients,
a potential source of bias was introduced, as the compared
groups may have differed substantially. Randomization was
not carried out because implementation of telemedicine in
the only eligible home-care organization with no certified
wound-care nurse, reflecting the reality in many districts and
countries was prioritized over randomization. However, we
constructed a number of study criteria and adjusted the results
for several important covariates in order to minimize the bias
caused by nonrandomization. Further, this study reflected
real-world practice in home-care organizations and included
elderly patients with chronic hard-to-heal wounds, who
usually presented multiple competing etiologies, making an
exact diagnosis a challenge. Although home-care nurses in
both study groups provided baseline data, not all diagnostic
information was provided; this was particularly the case in the
conventional group. Further description of wounds therefore
could not be meaningfully reported on the basis of the
available data. Moreover, because of economic and organi-
zational challenges in the districts, the home-care organiza-
tions were eligible for study participation for only a limited
time; therefore, we chose to assess every patient provided for
eligibility during that time and did not use sample size
calculations. Our study was not designed to investigate all-
cause mortality associated with using telemedicine; the
reported mortality is merely descriptive of the study groups
and no causality is implied. Finally, our finding is limited to
its setting; this should be taken into account when consider-
ing the results.
In conclusion, store-and-forward telemedicine connecting
home-care nurses to a team of hospital-based wound experts
Table 2. Adjusted hazard ratios for wound healing
during the study
Variable
Adjusted hazard ratio (95%
confidence interval)
P-
value
Approach
Control Reference —
Telemedicine 2.19 (1.15–4.17) 0.017
Sex
Male Reference —
Female 1.16 (0.60–2.24) 0.66
Age
o65 Year Reference —
65–74 Year 0.77 (0.27–2.21) 0.63
X75 Year 0.97 (0.37–2.55) 0.95
Cardiovascular disease
No Reference —
Yes 0.66 (0.35–1.24) 0.20
Diabetes
No Reference —
Yes 0.70 (0.33–1.46) 0.34
Duration of chronic skin wounds
o1 Year Reference —
X1 Year 0.35 (0.17–0.73) 0.005
Number of wounds—no. (%)
1 Reference —
2 0.54 (0.24–1.22) 0.14
Anatomic location of wounds
Trunk/upper body Reference —
Hips/buttocks/genitals 3.02 (0.23–40.15) 0.40
Legs 0.87 (0.10–7.41) 0.90
Feet 0.40 (0.04–3.79) 0.43
Involvement of minimum 2
of the above
1.09 (0.10–12.15) 0.95
Total wound surface area
o5 cm2 Reference —
X5 cm2 0.63 (0.31–1.27) 0.20
The provided significance values (shown in bold) describe the difference
between the two groups reagrding the characteristics. For instance, the
P-value of 0.66 across "Female" demonstrates that females do not achieve
wound healing significantly faster than males.
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significantly improves the likelihood of wound healing.
Randomized clinical trials are merited to further explore the
role of telemedicine in wound management.
MATERIALS AND METHODS
This study was a cluster controlled trial of patients with hard-to-heal
wounds who received wound care from home-care nurses. We aimed
to test the hypothesis that advice on wound management provided by
a team of wound-care specialists through telemedicine would
significantly improve the likelihood of wound healing among
home-care patients. Blinding of information transfer within a group
of nurses working in a home-care setting was not considered feasible.
To prevent potential changes in the approach of home-care nurses
using telemedicine from influencing the wound management in any
colleague assigned to the control group, we allocated home-care
organizations and not individual patients.
Patients
Inclusion criteria for the patients were as follows: (1) a minimum age
of 18 years; (2) having a skin wound; (3) receiving wound care from
home-care nurses; (4) duration of wound 46 weeks; and (5) having
the wound assessed as hard to heal by the home-care nurse delivering
treatment. Hard-to-heal wounds were defined as those not showing
signs of healing and not expected to heal during the subsequent 3
weeks’ therapy. Patients with intellectual disability or markedly poor
adherence including patients with dementia and those in residential
nursing homes or hospices were excluded. Further, arising from the
results of our observational study of consecutive skin wound patients
in a home-care setting showing that surgical wounds, pressure ulcers,
and cancer wounds heal significantly differently from other wounds
treated in home care, those three wound types were excluded. In an
additional attempt to limit the heterogeneity among the study
patients, those with three or more skin wounds were excluded.
Finally, to ensure that sufficient time had elapsed between application
of the approaches studied and their evaluation, patients who did not
complete a minimum of 3 weeks’ study treatment were not included
in the analyses. Patients were enrolled after written informed consent
was obtained. The study protocol was approved by the Research
Ethics Committee for Region Sjealland (SJ-215).
Study clusters
Four home-care organizations in eastern Denmark participated in this
study; each organization was the sole provider of all nurse-led, home-
based health-care services in its respective district. Certified wound-
care nurses were present in three organizations and primarily
provided the wound care delivered. Because not every district or
country has certified wound-care nurses (Schultz et al., 2003) and
because we aimed to investigate the effect of providing advice using
telemedicine in a real-life setting compared with the best available
conventional practice, the organization with no certified wound-care
nurse was designated as the telemedicine site and the remaining three
organizations served as the control sites.
Telemedicine versus conventional therapy
Store-and-forward telemedicine was implemented in the designated
home-care organization using a secure web-based program, Plejenet
(Danish Telemedicine, Copenhagen, Denmark (https://www.
pleje.net, accessed 21 August 2014)). The program was tailored to
wound management and served as an encrypted chart system,
allowing access to clinical data to all authorized users involved in
the care of a specific patient. Home-care nurses collected and stored
clinical data in the Plejenet. Subsequently, a team of wound-care
experts, consisting of physicians and a nurse at a hospital-based
wound-care center (Department of Dermatology, Roskilde Hospital,
Roskilde, Denmark), reviewed the stored data, after which a treatment
strategy was decided and provided to home-care nurses. During the
study, home-care nurses updated the web-based charts, including
digital images, as frequently as possible, but at a minimum of every
second week, unless decided otherwise by the wound-expert team.
Updates in the Plejenet made by home-care nurses were evaluated
daily by a member of the wound-expert team, leading to further
recommendations being made and proposed to home-care nurses. In
the telemedicine group, all wound care including debridement was
delivered only by home-care nurses on the basis of the instructions
given by the wound-expert team. To ensure that the measured effect
of using telemedicine on wound healing was not contaminated by
treatments provided elsewhere, wound care prescribed outside than
through telemedicine was considered a protocol deviation and led to
censoring of the patient at the time of its occurrence. However,
treatment of underlying diseases, such as optimization of blood
glucose levels in diabetic patients or treatment of arterial diseases,
was not considered wound care and was allowed for. Further, if
contact to the wound-expert team was not possible because of
vacation or illness for example, systemic treatment of wound-related
acute infections prescribed elsewhere was permitted and did not lead
to censoring.
No limitations or changes were introduced in the everyday practice
at the control site. In addition to routine wound care provided by
home-care nurses, patients received wound therapy at any wound-
care center or hospital ward that the treating physicians or nurses
considered necessary or beneficial. Treatment in the control group
was prescribed by a variety of clinicians, including general practi-
tioners, private-clinic, and hospital physicians and surgeons.
Outcome measure
Time to complete wound healing or death from any cause was the
outcome in this study; only complete epithelization of all included
wounds was recognized as complete wound healing. Patients were
followed up until complete wound healing, death, or until the end of
follow-up 1 year after inclusion.
Data
All patient data were collected by home-care nurses. All nurses
received practical instructions on data collection, including instruc-
tions on how to obtain high-quality digital images, during gatherings
arranged by the participating home-care organizations; these sessions
took approximately 1 hour. The nurses in the telemedicine group
underwent an additional 1 hour workshop training program on the
use of the software Plejenet.
The data collected included patient demographics, medical history,
history of skin wounds, previous treatments, wound etiology, and
duration and anatomic location of wounds. Patients underwent
measurement of the ankle brachial index (ankle blood pressure/
brachial blood pressure); an ankle brachial indexo0.8, a reduced toe
pressure (o50 mm Hg), or manifest cardiovascular disease, such as
previous myocardial infarction or stroke, was defined as arterial
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disease. Digital images were obtained using simple digital cameras or
smart phones, based on the quality of available equipment in the
districts. Digital images of wounds in all participants were recorded
on the day of inclusion and subsequently during updates in the
telemedicine group. An integrated Flash-based image tool (Danish
Telemedicine) was used to spatially calibrate images and to measure
wound surface area.
Statistical analysis
Continuous variables are summarized by mean and SD and catego-
rical variables by frequency and percentage. The w2-test was used to
analyze dichotomous data, and the Wilcoxon’s sum rank test, due to
non-normality, was used to compare continuous variables. Complete
wound healing and mortality were considered as competing events;
therefore, the Cox model for the cause-specific hazard functions was
used to compare the investigated approaches. The approaches
(telemedicine vs. the best available conventional practice), sex, age,
number of treated wounds, time of occurrence of the first chronic
wound, anatomic location of wounds, diabetes, and arterial disease
were selected as the explanatory variables (Callam et al., 1987;
Margolis et al., 2004; Prompers et al., 2008; Moffatt et al., 2010). The
assumptions for the Cox model were satisfied and the analyses were
conducted on complete cases. In addition, cumulative incidence of
wound healing for the two investigated approaches was calculated
using the Aalen–Johansen estimator. The software package R was
used for all statistical analyses, and P-values o0.05 were considered
as significant.
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